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CHAPTER 5

Hydrologic Engineering (HydEnNnQ)

General

Hydrologic Engineering (HydEng) iswhere hydrology, hydraulics, and levee
data are entered for analysis. The dataincludes: water surface profiles,
exceedance probability functions, stage-discharge functions, and levee features.
Although optional, water surface profiles are recommended. The profiles are
required when computing aggregated stage-damage uncertainty functions at
damage reach index locations as specified under Economics. The profiles
must be consistent with discharge (stage)-probability and stage-discharge
(rating) functions required for each plan, analysis year, stream, and damage
reach.

The discharge-exceedance probability uncertainty functions can be computed
using either analytical or graphical procedures. Stage-exceedance probability
uncertainty functions can also be computed and applied. The stage-discharge
uncertainty function may be entered directly or the uncertainty specified for a

stage and scaled for the other ordinates. Features for levee analysis are aso
defined under HydEng.

Contents
# Water Surface Profiles
# Discharge (Stage)-Exceedance Probability Functions with Uncertainty

# Stage-Discharge Functions with Uncertainty

# Levee Features
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Water Surface Profiles

Overview

A water surface profile isthe stream water surface stage along a stream length
associated with discharge values of a hypothetical or observed event. In HEC-
FDA, awater surface profile data set must consist of eight flood events. They
may be discharge or the stage based for each stream. Each profile set has
stream stations, invert elevations, and discharge and stage values. The
probabilities of each profile may be used to generate exceedance probability
functions at index locations. Stream stationing must be consistent with the
damage reach and structure location stationing. It isnormally associated with
water surface profile cross-sectional stations.

The default set of eight water surface profiles are for the .50-, .20-, .10-, .04-,
.02-, .01-, .004-, and .002-exceedance probability flood events. The profile
stream station and water surface stage values must increase or be equal from
downstream to upstream. Discharge values of the water surface profile
analyses are median values. Y ou may change the probability designations
under Edit/Edit Probability Values. The probability values are used for the
graphical or synthetic discharge-exceedance probability functions if retrieved
from water surface profile data. Figure 5.1 shows the water surface profile
data entry screen. The profile data sets may be entered manually, copied from
apreviousy developed stream profile set under Use An Existing Profile, or
profiled copied from one plan to another under Edit/Global Assignment
Copy or imported from HEC-RAS (USACE 1997) or HEC-2 (USACE 1991)
results (See Appendix C).

..', Bear Creek - Plan Formulation - Study Water Surface Profiles
File Edit “iew Help
Flar: I'W'ithc-ut j
Analpsis rear I1 339
Profile: ISF Bearw( Baze Uze A Ewisting F'rofilel Save |
Descrption: ISF Bear Creek /0 Project Base “lear Motes... | [Earize! |
Dizcharge-Probability | Stage-Probability
Irert 0.5 0.z ﬂ
Station Stage O [cfz] | Stage|ft] Qcfs] | Stage|f] o [cf

|1 0.200 416.50 270 424 B3 4030 42E.58

2 0.820 416.10 2730 424,81 4030 42E.70

| 3 0.820 41610 Z7Fa0 424 BF 4030 426,78

|4 0.850 416.00 2730 424,93 4030 42E.86

| 5 0.320 415,70 270 42535 4030 427 36

| B 0.350 415.50 2730 425,56 4030 427,89

7 1.000 415 40 270 412553 4030 427 44

| 8 1.010 41540 270 425 E9 4030 427 51

=R 1.030 415.50 2730 426,43 4030 428,65

10 1.130 417.00 Z7Fa0 42716 4030 42341 -
KNl | v

Figure 5.1 Water Surface Profile Screen
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Water surface profiles may be used to develop without- and with-project
condition discharge-probability (synthetic and graphical) functions and stage-
discharge (rating) functions at an index location station within a damage reach.
This ensures consistency of the data. Water surface profiles are a so used
under Economics to aggregate stage-damage functions with uncertainty for
individual structures to the damage reach index location station.

Ponding or storage areas are defined using a stage-exceedance probability
water surface profile. Unsteady flow modeling profiles are aso normally
stage-exceedance probability based.

Datafor the water surface profiles may be imported from the water surface
profile computation programs HEC River Analysis System package (HEC-
RAS) and HEC-2 Water Surface Profiles program (HEC-2). (Seethe
USACE, "HEC-RAS, River Analysis System User's Manua”, 1997, and
USACE, "HEC-2, Water Surface Profiles User's Manual”, 1991, respectively.)
Appendix C describes the importing process. Figure 5.2 shows the water
surface profile import screen.

importWetr SurtacoProe G|
Lockin | ‘¥ Fda RNl = =

|1 Beartrng

| Beannisst

I:l Uzers_Manual_Example

File name: I Open I
Files of bype: IHEI:-FH-‘-.S [*.wzp] j Cancel |

Figure 5.2 Water Surface Profile Import Screen

Hints:
# You may copy (assign) aprevioudy defined water surface profile
data set to this plan, analysis year, stream using Use An EXxisting
Profile. For example: if the future condition profiles are the same
as for the base year, you may copy the profiles of one plan to
another using the Assignment Copy found under HydEng/\Water
Surface Profiles/EDIT.
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# The current water surface profile set may be viewed graphicaly or in
tabular form. Select the View Menu and press “Water Surface Profile
Stream Plot...” or “Water Surface Profile Report...”, respectively.

# Y ou can enter detailed notes about the water surface profile set by
selecting Notes. By default, contains the file name of imported data.

# Y ou may review Water Surface Profile Assignments under the
VIEW Menu. Table5.1isan example of an assignment table for
water surface profiles.

Table 5.1
Des Plaines River
Water Surface Profiles Assignments

Plan Stream Name | Water Surface Water Surface
Name Year Profile Name Profile Description
Without 1999 | DesPlainesR | WO Proj-Base Yr | W/O Project Base Yr Sta17.84 to 10.3
2010 | DesPlainesR | WO Proj-Future | W/O Project Future YR (2010)
Pan 1 1999 | DesPlainesR | **** FrxK
2010 | DesPlainesR | **** FrxK

* Assignment made but some required data is missing.
***x* No Assignment
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Menu Items for the Water Surface Profiles Screen

Please refer to the Menu Items section in Chapter 3.

Data Entry Variables for Water Surface Profiles
Plan Name: Name previously defined under Config.

Analysis Year: Name previously defined under Config.

Stream Name: Name previously defined under Config.

Water Surface Profile Name: Name for the defined water surface profile s,
which is used in the hydrologic engineering and economic analyses. This name
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will appear on certain reports and plots. A new water surface profile set can be
added, copied, updated, or deleted. The maximum length of the name is 16
characters.

Water Surface Profile Description: Short description of the defined water
surface profile set will appear on certain reports and plots. The maximum
length of the name is 64 characters.

Water Surface Profile Type: There are two types of water surface profiles.
Discharge-Probability is where the profiles are based on discharge values.
The discharge and the associated stage values are required for each station and
exceedance probability flood event. Stage-probability is where the water
surface profiles are based on stage values only. The stage values are required
for each station and exceedance probability flood event.

Station: Study adopted stations along the stream normally denoted as miles
(kilometers) above the mouth of the stream. Must be consistent between
damage reach boundaries, damage reach index location, water surface profiles,
and structure location. The range of allowable valuesisfrom

-999,999.99 to 999,999.99.

Invert Stage: Stage associated with zero discharge or the bottom of a
channel. Therange of alowable values if from -300.00 to 30,000.00.

Discharge (Q): The volume of water passing a specific point for agiven time
interval. For example, 2,000 cubic feet per second or 1,000 cubic meters per
second. The range of allowable valuesisfrom O to 9,999,999.

Stage: Thevertica distanceisfeet (meters) above or below aloca or national
datum (N.G.V.D. for elevations). The range of alowable valuesisfrom -
300.00 to 30,000.00.

Exceedance Probability Functions with Uncertainty

Overview

Economics and performance analyses require an exceedance probability
function to be defined (assigned) for each Plan, Analysis Y ear, Stream, and
Damage Reach. They are specified on the main data entry screen as shown in
Figure 5.3. The same functions may be used for several reaches, plans, and
analysis years but not different streams. Y ou may retrieve a synthetic or
graphical exceedance probability function from the water surface profile enter
the data manually, or Use An Existing Function that was previoudy
developed. Y ou may aso copy the exceedance probabilities of one plan to
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..‘, Bear Creek - Plan Formulation - Exceedance Probability Functions with Uncertainty
File Edit %iew Help

another plan using the Global Assignment Copy found under
HydEng/Exceedance Probability Functions with Uncertainty/Edit. An
exceedance probability (or frequency) function can be either analytica
(discharge-probability) or graphical (discharge- or stage-probability).

Analytical-Exceedance Probability Method

If the discharge-exceedance probability function can be fitted by a L og Pearson
Type Il distribution, the “Analytical” option should be used. Analytical
methods often apply for unregulated discharge-probability functions derived
from streamgaged data or modeling. There are two methods of defining
analytical discharge-probability functions. The default method is to enter the
Log Pearson Type 11 statistics which are the mean, standard deviation, skew,
and equivalent record length. The other method isto enter the discharges for
the .50, .10, and .01 exceedance probability events to compute synthetic
dtatistics. For analytical methods, the median discharge-exceedance probability
functionsare used. See ER 1110-2-1450, EM 1110-2-1415, EM 1110-2-
1619, and Interagency Advisory Committee on Water Data, “ Guidance for
Determining Flood Flow Frequency, Bulletin 17B,” U.S. Department of
Interior, U.S. Geologica Survey, Office of Water Data Coordination, Reston,
VA.

Plar: I"v'v"ith-:uut

j Shean: 5 Fork Bear

Analyziz Year: I-I 333

j Damage Reach: SF-3

HElRE

B ISF.B Wi Baze T ze An Existing Funu:tiu:unl Saye
Drescription: IFieaI:h SF-8 Rm 9.253w/0 Project Baze Year Cance]
— Type ————————
 Anaytical | Function Statiztics... |
iv  [raphical... | Flot... |
Canfidence Limit Curves o]
Excesdance Digcharge Dizcharge [cfz]
Frobability [izfz] 250 | 150 | +1 50 | +2 50
1.9990 294 7aa 239 952 1.014
0.9300 300 34 245 958 1.0
[0.9500 1.043 932 986 1,104 1,168
0.9000 1128 1.013 1.063 1,19 1.256
[.8000 1.241 1136 1187 1.297 1,356
0.7000 1.323 1.226 1.277 1.384 1.441
0.5000 1.489 1332 1.408 1.574 1,665 =
o o

Figure 5.3 Exceedance Probability Function Screen
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Enter Analytical Exceedance Probability Function

Analytical Method - Under analytical, you may choose to define the
discharge-exceedance probability function data by Log Pearson [11 Statistics,
Synthetic statistics, or the Transform method as shown in Figure 5.4.

Log Pearson 111 Statistics data entry screen is shown in Figure 5.4. This uses
Bulletin 17B procedures for computing the function and uncertainty
(confidence limits) from the mean, standard deviation, skew, and equivalent
record length. 'Y ou may tabulate or plot the representative discharge-
exceedance probability function. An example tabulation on an analytical
exceedance probability tableis shown in Figure 5.5. Figure 5.6 shows a plot.

Synthetic Statistics data entry screen isshown in Figure5.7. Thisuses
Bulletin 17B procedures for computing the function and uncertainty by
defining the function based on the .50, .10, and .01 exceedance probability
discharge values and equivalent record length. 'Y ou may tabulate or plot the
representative discharge-exceedance probability function.

Menu Items for Analytical Exceedance Probability
Functions

Please refer to the Menu Items section in Chapter 3.
Hint:
# You may retrieve the damage reach index location synthetic

probability function .50-, .10-, and .01 values from the appropriate
water surface profile data set under EDIT/Synthetic from WSP.
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15- Chester Creek - Discharge-Probability Function - Type Analytical

Mame: Dutton Mill Gage
Description: USGS Gage at Duttan Mill Fd

% Enter Log Pearzon |l Statistics [~ Transform Flow [Feg ws. Unreg)...

|, Dizcharge-Probability Function Statistics

" Compute Synthetic Statistics

— Statiztics of Logs for LP 111

b 2an [M]: |3_5IJF"D
Standard Deviation [S); | 0.2950 Flat... |
Skew [G]: | 0.4000

. Tabulate. .. I
Equivalent Record Length [M]: IEE

Ok I Carncel I Help I

Figure 5.4 Analytical Discharge-Exceedance Probability Function Data Entry Screen

43 Exceedance Probability Function Report
Fil=  Helg
Chester Creek,
Dizcharge-Probability Function Bepart for Dutton Mill Gage
[Analytical]
Confidence Limit Curves =]
Exceedance Dizcharge Dizcharge [ofz]
Probability [icfs) 95% | 75% | 25% | R

0.9930 575 414 477 B76 742
0.9300 210 B13 B9 929 1007
0.9500 1142 a07 1000 1283 1375
[0.9000 1393 1134 1237 1548 1649
08000 1733 15806 1622 1975 2093
0.7000 2124 1862 1542 23a4 2520
05000 vz 2B67 2823 3340 3531
(. 3000 4429 847 4063 4852 5171 _
02000 BR95 4814 B09a B195 BEG2
01000 Fae0 BEO7 7051 aaa5 720
0.0400 11527 9360 10111 13405 15000
1200 149711 11810 171877 17732 20173

K v

Figure 5.5 Analytical Discharge Exceedance Probability Table
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# Exceedance Probability Function Plot

Figure 5.6 Analytical Discharge-Exceedance Probability Plot

w Chester Creek - Discharge-Probability Function - Type Analytical

IrataEtari ey = [dnred]..

Figure 5.7 Analytical (Synthetic) Discharge-Exceedance Probability Function Screen
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Graphical Exceedance Probability Method

If the function does not fit the Log Person Type Il distribution, the graphical
approach should be used. The Graphical approach is typically applicable for
regulated flows, stage-exceedance probabilities (often storage based or UNET
(Barkau, 1992) unsteady flow modeling results), and partial duration functions.
The graphical method uses an approach termed order statistics. For the
graphical method, see ETL 1110-2-537, or “Uncertainty, A Guide to Dealing
with Uncertainty in Quantitative Risk and Policy Analysis’ by Morgan and
Henron. Figure 5.8 shows the Graphical Exceedance Probability function data
entry screen.

'-'3- Bear Creek - Plan Formulation - Probability Function - Type Graphical E
M ame: SF-8'W0 Bazerr

Description: Aeach SF-8 Rm 3.253 W /0 Project Base ear

— “ater Surface Profile Type —

& Digcharge-Probability [T Transform Flow [Feqg vs. Llnreg]...l
" Stage-Probability

— Graphical or Parkial Duration Probability Funchion Ordinates

Euceedance Digcharge -
Probability [cfz) Flat... |

0.00400 Fom [nzert Faw |
0.00200 9510 =
] = [Melete Biow |

Equivalent Becard Length [M]; |43

] 0.99000 300
2 0.50000 1489 Tabulate... |
3 0.20000 2105

4 0.10000 3119

2 0.04000 183

2 0.02000 5036

7 0.0 000 £195

8

3

ak | Cancel

Help |

Figure 5.8 Graphical Discharge-Exceedance Probability Screen
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A graphical probability function (discharge- or stage-probability) is defined by
specifying the discharge- or stage-probability ordinates and the equivalent
record length that describe the known function. Once specified, ordered events
are interpolated from the function based on the equivalent record length and
error limit curves determined using order statistics. The final graphical
discharge- or stage-probability function is based on mean or expected values
defined by Weibull plotting positions along the curve. The distribution of
errors is assumed to be normal about the specified function. Y ou may plot or
tabulate the function and error limit curves (See ETL 110-2-537).

A flow transfer relationship may be used to define arelationship between
unregulated and regulated flow, inflow and outflow, or another relationship to
transform the flow defined by the discharge- or stage-probability function.

This transform flow relationship could be the result of reservoir or channel
routing, channel diversion, etc. It specifically allows for the isolation of the
uncertainty related to the transforming mechanism, while maintaining the
uncertainty of the discharge-probability function. The relationship is entered as
x-y paired data. Uncertainty of the dependent variable (regulated flow) isaso
defined. The distribution type and the distribution parameters are entered for
each point on the flow transfer function.

A transform flow function may describe the unregulated inflow into areservoir
and the regulated outflow viarouting, and outlet works and/or spillway
releases. The uncertainty of this function could be derived from a sensitivity
analysis of the reservoir routing, varying such parameters as the outlet works
and spillway ratings, outlet works operation, shape of the inflow hydrograph,
assumed initial release time, political influences, safety issues, etc. Given the
variety of parameters that have an impact on the outflow, one might conclude
that the uncertainty distribution for this situation is asymmetric and diminishes
in probability at the extremes. The triangular distribution of uncertainty,
therefore, may be the most appropriate descriptor of this function. Figure 5.9
shows the Transform Flow Data Entry Screen with no uncertainty defined.
Figure 5.10 shows the Transform Flow Data Entry Screen with the uncertainty
defined by an asymmetic triangular distribution.
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«* Bear Creek - Plan Formulation - Transform Flow (Regulated v=s. Unregulated) l_l_ I_

~* Bear Creek - Transform Flow {Regulated vs. Unregulated)

500.0

700.000

Figure 5.9 Transform Flow Data Entry Screen

1000.0

1200.000

100000

12000000

Figure 5.10 Transform Flow Data Entry Screen with
Triangular Distribution of Uncertainty
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When entering data in the HEC-FDA program to define graphical exceedance-
probability functions, a number of data points should be used to describe the
full range of the function. The uncertainty of these functionsis computed using
a dtatistical method called ordered events (Morgan and Henrion, 1990). The
method determines standard errors of points (estimates) along the curve from
the relationship of each of the estimates to adjacent points and the slope of the
function. The number and distribution of the points effect the uncertainty
computation results.

The graphical exceedance-probability functions are defined first by importing
the discharge-exceedance-probability data points from the water surface profile
data for the eight events and secondly, by doing the same but adding an
additional point at the 0.999 (1-year) event. Figures5.11 and 5.12 show the
results for the exceedance probability function defined entirely by the water
surface profile data only.

Note from the plot on Figure 5.12 that the program does not extrapol ate
beyond the limits of the data, in this case below the 0.5 exceedance or the 2-
year event. Note also, from Figure 5.11, the range of values for the 0.01
exceedance probability event between plus and minus two standard errorsis
3,150 to 12,372 cfs.

The statistics, including the uncertainty of the graphical exceedance-probability
function, are influenced by the entire sample. Consequently the entire range of
the function should be defined including an annual return 1-year event (0.999)
estimated value.

Figure 5.13 shows the graphical exceedance-probability function and error
limit values after adding an additional discharge of 894 cfsfor the 0.999 or 1-
year event to help define the lower end of the function. Note the range of
values for the 0.01 exceedance probability event between plus and minus two
standard errorsis now 3,534 to 10,870 cfs. The example shows that sSsimply
adding an additiona point on the frequency curve decreases the computed
uncertainty substantially. Thisis because the program assumes nothing is
known beyond the most frequent event entered (the 2-year event in the first
case). Providing additional information throughout the entire sample,
decreases the uncertainty. The expected annual damage would change even
though it can be assumed that the 0.01 exceedance probability event iswell
within banks at the reach index location.
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'-') Exceedance Probability Function Report
Fil=  Help
Bear Creek - Plan Formulation
Dizcharge-Frobability Function Report for SF-8Ww0 Base vt
[Graphical]
Confidence Limit Curves [standard errar] =
E xceedance Dizcharge Dizcharge [cfs)
Frobability [cfs) -2 5D | 15D | +1 50 | +2 50

0.9330 1.478 1,476 1477 1.473 1,480
0.9300 1.481 1.479 1.480 1.482 1.483
0.9500 1.483 1.481 1.482 1.484 1.485
0.9000 1,484 1,483 1.484 1,485 1.486
0.8000 1.486 1.485 1.485 1.487 1.487
0.7000 1.487 1.486 1.486 1.4588 1.488
0.5000 1,483 1,379 1.433 1,547 1,608
0.3000 1.848 1.565 1.701 2,008 2,182
0.2000 2,106 1,611 1.842 2,408 2,753
01000 31119 21 2578 3773 4 564
0.0400 4,183 2524 3.249 b, 385 E.933
0.0200 5,036 2,788 3747 E. 768 9,037
0.0100 E.138 3,105 4,387 8,757 12,372
0.0040 .00 3,304 4,809 10,192 14,826
0.0020 3,610 3871 E.035 15,142 23,857

B e

Figure 5.11 Exceedance-Probability Function from Water Surface Profiles Nine Data

“ Exceedance Probability Function Plot
File  Help
Bear Creek - Plan Formulation
Dizcharge-Probability Function Plot for SF-8W0 Base T
[Graphical)
100000 :
i 0
& 0
& 10000 Ao
2 :
S :
1000 4
9993 999 .99 .80 B0 0 .o 0010001
Exceedance Probability
[—— MedianDischarge  —=— 250 —a— 250

Figure 5.12 Plot of Exceedance-Probability Function
from Water Surface Profile Nine Data Points
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53 Exceedance Probability Function Report

File Help
BEear Creek - Plan Formulation
Dizcharge-Frobability Function Report for SF-8%0 Baze 't
[Graphical]
Confidence Limit Curves [standard error] =
Exceedance Dizcharge Dizcharge [cfs)
Probability ks 250 [ asp | +a1sp | +2 50
0.9930 894 Faa 839 952 1.014
0.9900 00 794 45 958 1.0
0.9500 1.043 932 986 1104 1.168
0.9000 1128 1.013 1.069 1.191 1.256
0.8000 1.241 1136 1187 1.297 1.356
0.7000 1.329 1.226 1.277 1.384 1.441
0.5000 1.489 1.332 1.408 1574 1.6E5
0.3000 1.848 1.565 1,701 2.008 2182
0.2000 2106 1.611 1.842 2408 2753
01000 3119 2197 2618 3716 4428 |
0.0400 4183 2708 3,366 5199 6.4E1
0.0200 5.036 3.075 3,935 E.445 8.248
00100 5.198 3.534 4 680 8208 1 D.B?‘D_l_"l
| 3

Figure 5.13. Exceedance-Probability Function Defined Over Entire
Probability Scale

The HEC-FDA program does extrapolate beyond the least frequent event
entered if that event is more frequent than the 0.002 exceedance probability
(500-year) event. However, it isimportant to provide data to the 0.002 or
greater event to ensure as much accuracy as possible.

Note: It is recommended that graphical frequency functions be defined
between the 1- and 0.001-exceedance probability events.

Enter Graphical Discharge (or Stage)-Exceedance
Probability Function

# Select Water Surface Profile Type as discharge-exceedance probability
or stage-probability, as shown on Figure 5.8.

# Y ou may perform analysis using the Transform Flow method by
pressing the associated box and then entering the regulated vs.
unregulated relationship as shown in Figure 5.9.

# Y ou can insert additional exceedance probability values by pressing
either the adjacent |eft gray box or the Insert Row button.
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# Enter the Equivalent Record Length (N) for the data.

# Y ou may tabulate results and view them graphically.

Data Entry Variables for Exceedance Probability
Functions

Plan Name: Select aprevioudy defined plan name.
Stream Name: Select a previoudly defined stream name.
Analysis Year: Seect apreviousy defined analysis year.
Damage Reach: Select aprevioudy defined damage reach.

Probability Function Name: Name for the defined probability function,
which is used for subsequent data entry pick lists, and labeling reports and
plots. A new probability function can be added to the database. An existing
probability function can be copied, updated, or deleted. The maximum length
is 16 characters.

Probability Function Description: Description of the defined probability
function, maximum length is 64 characters.

Probability Function Statistics: Reports the statistics entered or computed
for a probability function. For the Log Pearson Type Il distribution, the
statistical parameters are mean (first moment), standard deviation (second
moment), skew (third moment), and equivalent record length. For synthetic or
parameter fitting (Compute Synthetic Statistics), the computated statistical
parameters are mean, standard deviation, skew, and equivalent record length.
Also, the discharge is computed. The statistic reported for a non-analytical
probability function is the equivalent record length.

Analytical Discharge-Probability Function: A discharge-probability
function that is fit with an analytical (statistical) distribution. The distribution is
defined by statistics which are the mean, standard deviation, and skew for the
Log Pearson Type 11 distribution, and the equivalent record length. The
function is devel oped by site specific, hydrologic engineering analysis
procedures. A "synthetic" approach defined by discharges associated with the
.50, .10, and .01 probability events that fit the Log Pearson Type 11 distribution
through the three points, may also be used.

Graphical Discharge- or Stage-Probability Function: A graphical
probability function (discharge- or stage-probability) is a non-anaytical
function that is drawn graphically by an eye-fit curve. This meansthat the
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function is not fitted by an analytical distribution. For HEC-FDA, graphical
functions should use Weibull's plotting positions (not median) because the
normal distribution is used in the order statistics approach to define the error
bands.

Exceedance Probability Event: The probability that a specific event will be
exceeded in any given year. For example, the .01 exceedance probability event
has a .01 probability of occurring in any given year.

Confidence Limit Curves: Error limit curves about an analytical discharge-
probability function devel oped using the non-central t distribution. Confidence
limit curves are used to define the discharge-probability function's uncertainty.

Stage: The vertica distance in feet (meters) above or below aloca or national
datum (N.G.V.D. for elevations).

Discharge (Q): The volume of water passing a specific point for agiven time
interval. For example, 2,000 cubic feet per second or 1,000 cubic meters per
second.

Log Pearson Type Il Statistics: A statistical distribution that defines an
analytical discharge-probability function. The distribution has statistical
parameters that define the moments of the data about the analytical curve,
These statistical parameters are mean (first moment), standard deviation
(second moment), and skew (third moment). Also, thereis an additiona
parameter specified, equivalent record length.

Mean: The average value of a set of numbers, such as the annual peak
discharges that have occurred over aperiod of time The first moment statistic
of aLog Pearson Type 11 distribution, representing the average of the
logarithms of pesk discharge values.

Compute Synthetic Statistics: Log Pearson Typelll statistics are computed
based on the discharges associated with the .50, .10, and .01 exceedance
probability events of an adopted probability function. The synthetic statistics
are based on equations given in Guidelines for Determining Flood Flow
Frequency, Bulletin 17B, USGS, September 1981.

Stage-Discharge Functions with Uncertainty

The stage-discharge (rating) function with uncertainty is specified for agiven
Plan, Analysis Y ear, Stream, and Damage Reach in the evaluation of flood
damage reduction measures. Stage-discharge functions are required unless a
stage-exceedance probability function is used.
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Figure 5.14 shows the stage-discharge function data entry screen. The same
median stage-discharge functions may be used for severa plans and analysis
years but not different streams or damage reaches. If water surface profiles are
defined for the specified damage reach, the invert stage and eight point stage-
discharge function at the damage reach index location may be retrieved from
the water surface profile data after the plan, analysis year, stream, and damage
reach are defined. See Figure 5.15.

Y ou may specify an uncertainty (probability density function) type as either
none (no uncertainty), normal, triangular, or log normal uniform. Y ou may
then manually enter the uncertainty by each ordinate or specify “calculate” to
define the uncertainty for a specific stage. For this case, the error is
proportioned to the invert stage for zero discharge and error. Error values
above the specified stage are assumed constant (equal to the error for the
specified stage). Y ou may tabulate and plot the stage-discharge uncertainty
functions.

A single stage-discharge function may be copy to another plan by clicking the
Use An Existing Function button. The stage-discharge functions of one plan
may be copied to another plan using the Global Assignment Copy found
under HydEng/Edit.

..‘, Bear Creek - Plan Formulation - Stage-Discharge Function with Uncertainty !E E

File Edit “ieww Help

Flan: j S |s Fork Bear j
Analpsiz Year: I'ISSS j Damage Reach: ISF-B j
Function: ISF-B WO Baze T IJze An Existing Functionl Plat... |
Drezcription: IHeach SF-8 At 9.2523% /0 Project Baze Year Tahbulate. .
— Distribution Type

" Mone % Momal € Triangular € Log Morrmal SEE

[Earze]

— Define Uncertainty

€ Enter by Ordinate ' Caloulate  Set Stage Ern:.r__,l

o LLE

Discharge Stage Standard Deviation
[cfs) [ft.] of Errar
|1 1] 453,02 0.000
| 2 | 1489 4RB.32 0z
|3 2106 470.02 0363
| 4 IRk 471.96 0422
|5 4183 47311 0.457
| 6 | 5036 47371 0.475
|7 E1598 474 53 0.500
g F001 475,09 0.500 _I_"|
il r

Figure 5.14 Stage-discharge Function Data Entry Screen
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..', Bear Creek - Plan Formulation - Stage-Discharge Function with Uncertainty
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Figure 5.15 Menu for Retrieving Rating from Profiles

Data Entry for Stage-Discharge Function

#  Specify (assign) previoudly defined Plan, Analysis Y ear, Stream, and
Damage Reach associated with this stage-discharge function.

HINTS:

# You may review function assignments under VIEW.

# You may specify uncertainty distribution type and enter stage-
discharge uncertainty directly by ordinate or Calculate uncertainty
from setting the target stage error to proportionally scale the ordinate

errors.

#  You may add/delete ordinates from the Edit menu or by clicking the
gray boxes to the left of the discharge table.

# The highest stage value must extend beyond the highest stage
affected by any flood damage reduction measure. We recommend
including an ordinate to the .002 or .001 exceedance probability level.
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# You may retrieve the stage-discharge function for the Plan, Analysis
Y ear, Stream, and Damage Reach index stream station from the
associated water surface profile data set. There are nine ordinates
including the invert stage (zero discharge) and the eight stage-
discharge values of the profiles. Y ou may edit the values after
retrieving from the water surface profiles but should assure that rating
data remains consistent with the profiles.

Menu Items for Stage-Discharge Functions

Please see the Menu Item section in Chapter 3.

Data Entry Variables for Stage-Discharge Functions
Plan Name: Select aprevioudy defined plan name.

Stream Name: Select a previoudy defined stream name.

Analysis Year: Seect apreviousy defined analysis year.

Damage Reach: Select aprevioudy defined damage reach.

Stage-Discharge Function Name: Name for the defined stage-discharge
function, which is used for subsequent data entry pick lists and used on reports
and plots. A new stage-discharge function can be added to the database. An
existing stage-discharge function can be copied, updated, or deleted. The
maximum length is 16 characters.

Stage-Discharge Function Description: Description of the defined stage-
discharge function, up to 64 characters.

Normal Distribution: A two-parameter probability distribution defined by
the mean and standard deviation. A symmetrical “bell shaped” curve
applicable to many kinds of data sets where values are equally likely to be
greater than or less than the mean. Also called a Gaussian distribution. The
distribution is truncated at three standard deviations.

Triangular Distribution: A three-parameter bounded probability distribution
defined by the minimum, most likely (mode), and maximum.

Log Normal Distribution: A two-parameter probability distribution defined
by the mean and standard deviation. A non-symmetrical distribution applicable
to many kinds of data sets where the majority (more than half) of values are
less than the mean but values greater than the mean can be extreme, such as
with streamflow data. The distribution is truncated at three standard
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deviations.

Discharge (Q): The volume of water passing a specific point for agiven time
interval. For example, 2,000 cubic feet per second or 1,000 cubic meters per
second.

Stage: The vertica distance in feet (meters) above or below aloca or national
datum (N.V.G.D. for elevations).

Levee Features

Under Levee Features, you specify levee size and failure characteristics,
interior versus exterior stage relationships associated with the levee, or wave
overtopping criteria. The levee, floodwall, or tidal barrier characteristics are
entered and other relationships are defined depending on whether the leveeis
subject to geotechnical failure or wave action (overtopping) which may cause
flooding. A levee or floodwall is defined by selecting the appropriate Plan,

Y ear, Stream and Reach in the Levee Feature window. The stage of the top
of the levee or floodwall at the damage reach index location is entered in the
appropriate field (Figure 5.16)

% Bear Creek - Plan Formulation - Levee Features
File Edit “iew Help
Plat: IF"|E"" 2 * | Stream: S Fork Bear j
Analyziz Year: I-I 933 LI Damage Reach; |SEE j
Leves Mame: |5-Ft Flood “wall Uze &n Existing Leveel Save I
Drescription: |5-Ft Flood " all in Reach SF-9 - Both Banks o |
Top of Levee Stage: IdED.DD

=

E —_— ™ Ezteriordlnterior Relationship. .. I ™ ‘“wWave Overtopping... I

=] o

-E é [T Gesotechnical Failure .-'ixnal_l,lsisl

E 1)

= =

2 o

I =

E L

Figure 5.16 Levee Data Entry Screen

As can be seen on the Levee Features window (Figure 5.16), other data that
describe the characteristics of levees and floodwalls and how they affect
flooding can be specified.
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Exterior-Interior Relationship

The exterior-interior relationship feature defines a relationship between the
stage on theriver or exterior side of the levee vs. the stage in the flood plain or
interior side of the levee. Thisrelationship is necessary if water that overtops
the levee from the river side will not reach the same level asthe top of the levee
intheflood plain. This may be due to floods that result in stages near the top
of the levee overtopping in a safe, controlled manner, as designed or flood
hydrograph volume is not sufficient to fill the flood plain to the stage equal to
the top of the levee. In either case, the relationship must be developed from
hydrologic or hydraulic analyses externa to the HEC-FDA program. If the
relationship is not specified, the assumption isthat the flood plain fillsto the
stage in the river (represented by the exterior stage-discharge function for the
reach) for all eventsthat result in stages that cause levee failure or are above
the top-of-levee. Figure 5.17 shows the data entry screen for the levee/flood
wall exterior vs. interior stage relationship.

i3 Bear Creek - Plan Formulation - Exteriorinterior Relationship =]

File Edit Wiew Help
Name: E'Ft Fll:":ld Wa"
Description; 3-Ft Flood w/allin Reach 5F-3 - Both Banks

E sterior Stage [ft.] | Interior Stage [ft.] I;l
1
2
3 SanE |
; LCancel |
E
7 Plat... |
a
q Tabulate. .. |
10
T .
1] r

Figure 5.17 Interior vs. Exterior Relationship Data Entry Screen
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Geotechnical Failure Analysis

A relationship between water surface stage on the river or exterior side of the
levee vs. the probability of levee failure may be specified. Thisfeatureis used
for existing non-federal levees or older levees that may have deteriorated and
can no longer be assumed to hold water to the stage initialy intended. The
relationships are developed from geotechnical analysis according to existing
geotechnical guidance. Figure 5.18 shows the geotechnical failure analysis
data entry screen.

"5 Bear Creek - Plan Formulation - Geotechnical Failure Analysis
File  Edit
Combined Conditional Probability of Failure

Esterior Stage [ft.]l Probablility of Failure |

-l Save |
J Tabulate |
Plot |

IALDCD'NJCI'.\U'IPLAJI\J—‘

il

Figure 5.18 Geotechnical Failure Analysis Data Entry Screen

Wave Overtopping

Wave Overtopping Analysis accounts for effects of wave overtopping when
analyzing levees, floodwalls or tidal barriers. A wave height versus still water
stage relationship is specified. Still water stage corresponds to the exterior
stage-discharge or stage-frequency function specified for the reach. The
uncertainty of wave height is defined by specifying one of severd error
distribution types. When alevee or floodwall is subjected to wave action, a
portion of the wave may overtop depending on whether the wave strikes the
structure. The volume of water that spills over the levee or floodwall is
dependent on the effective overtopping height. Wave overtopping relationships
may be used to account for these factors. A relationship between effective
overtopping height and resulting interior stages can also be specified. These
relationships are developed outside the HEC-FDA program using wave
overtoping analyses and overtopping volume versus interior stage
characteristics. Appendix D describes the concepts and illustrates the wave
overtopping data entry requirements in detail.
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Data Entry for Levee Features

Plan Name: Select a previoudy defined plan name.
Stream Name: Select a previoudly defined stream name.
Analysis Year: Select aprevioudy defined analysis year.
Damage Reach: Select a previoudy defined damage reach.

Levee Name: Name for the levee/floodwall for this plan, analysis year, stream,
and damage reach. Used for subsequent pick lists and reports. A new levee
can be added to the database. An existing levee can be copied, updated, or
deleted. The maximum length is 16 characters.

Levee Description: Description of the defined levee. The maximum length
is 64 characters.

Top of Levee Stage: The stage (elevation) of the top of the levee at the
damage reach index location.

Exterior Stage: The stream-side stage associated with water surface stages,
profiles at the damage reach index location. Used to define relationships of
interior stages and levee failure probabilities.

Interior Stage: Theinterior stage associated with the exterior stage that is
required when the levee overtops, but not enough flood volume is available to
equalize the interior stage with the exterior stage. A detailed hydraulics
analysis outside of HEC-FDA is required to determine the exterior-interior
relationship. The corresponding interior stage values are used for the damage
computations of the interior area.

Probability of Failure: The probability of the levee failing geotechnically for a
given exterior stage. The relationships require detailed analyses outside of
HEC-FDA. Failureisassumed the combined conditional probability of failure
from such causes as: piping, seepage, and underseepage.

Still Water Stage: The stage corresponding to the exterior stage-discharge or
stage-frequency function at the damage reach index location. Still water stage
is associated with the wave height to determine wave overtopping conditions
and analyses.

Wave Height: Wave height isin feet (meters) and is associated with the till
water stage.
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Wave Shape Factor: Theratio of the portion of the wave above the levee or
floodwall to the total wave height. It is determined by dividing the total height
by the wave runup. The total height above the levee is determined by
subtracting the levee crest stage from the exterior stage with wave. The wave
runup is assumed equal to two-thirds the wave height if the still water stage
alone exceeds to top-of-levee or to the full wave height if the still water stageis
below the top of the levee.
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